Objective: Low childhood socioeconomic status (CSES) and a harsh early family environment have been linked with health disorders in adulthood. In this study, the authors present a model to help explain these links and relate the model to blood pressure change over a 10-year period in the Coronary Artery Risk Development in Young Adults sample. Design: Participants (N ϭ 2,738) completed measures of childhood family environment, parental education, health behavior, and adult negative emotionality. Main Outcome Measures: These variables were used to predict initial systolic and diastolic blood pressure (SBP and DBP, respectively) and the rate of blood pressure change over 10 years. Results: Structural equation modeling indicated that family environment was related to negative emotions, which in turn predicted baseline DBP and SBP and change in SBP. Parental education directly predicted change in SBP. Although African American participants had higher SBP and DBP and steeper increases over time, multiple group comparisons indicated that the strength of most pathways was similar across race and gender. Conclusion: Low CSES and harsh family environments help to explain variability in cardiovascular risk. Low CSES predicted increased blood pressure over time directly and also indirectly through associations with childhood family environment, negative emotionality, and health behavior.
Hypertension is a serious and prevalent medical problem, with one in three U.S. adults estimated to have high blood pressure (Fields et al., 2004) . Hypertension is a primary risk factor for coronary artery disease, the major cause of death in the United States, yet nearly 90% of hypertension is essential, that is, of unknown origin. Hypertension is especially prevalent in African American communities, an association that is believed to result in part from stressors related to low socioeconomic status (SES; Bell, Adair, & Popkin, 2004) .
A propensity for high blood pressure can be evident at an early age. For example, Woodall and Matthews (1989) documented that boys (but not girls) from families characterized as unsupportive had stronger heart rate responses during a series of laboratory stressors compared with boys from more supportive families. Matthews, Gump, Block, and Allen (1997) reported that high levels of background stress were associated with larger increases in diastolic blood pressure and total peripheral resistance during laboratory stressors in children ages 8 to 17. Matthews, Salomon, Brady, and Allen (2003) found that increases in blood pressure reactivity related to stress predicted future blood pressure rises in adolescence. As a group, these results suggest that early childhood environment likely contributes to high blood pressure. Understanding how and why is an important research priority.
The goal of this study was to test a model of pathways that may relate childhood SES (CSES) and family environment to blood pressure and blood pressure change over 10 years in a large-cohort study of African American and White men and women (the Coronary Artery Risk Development in Young Adults [CARDIA] study). As presented in Figure 1 , the model posits links among low CSES, an early family environment marked by harsh parenting, poor emotional functioning, and poor health behaviors as predictors of blood pressure. We describe it here in more detail.
The first link in the model is CSES. Health-related risks of low SES begin in early childhood (Adler, Marmot, McEwen, & Stewart, 2000) , and family environment is implicated in these processes (Repetti, Taylor, & Seeman, 2002) . Considerable research has linked economic adversity in the family to poor or deteriorating quality of parenting, including higher levels of family conflict, a harsh restrictive parenting style, and chaotic or neglectful parenting (Emery & Laumann-Billings, 1998; McLoyd, 1998) . Research has also indicated that multiple early life environmental factors, including low SES and a harsh family environment, can have a cumulative negative effect on children's psychosocial functioning, health behavior, and physical health (Larson, Russ, Crall, & Halfon, 2008) . Low SES is associated with elevated risk for hypertension (e.g., Karlamangla et al., 2005; Lawlor & Smith, 2005) , and this association may contribute to the SES gradient in coronary heart disease (Owen, Poulton, Hay, Mohamed-Ali, & Steptoe, 2003) . Parental education is one indicator of CSES (Adler et al., 2000) .
The next variable in the model, a harsh early family environment, is temporally before the subsequent variables in the model and has been independently correlated with each of the subsequent steps. Early family environments marked by harsh or chaotic parenting are reliably associated with deficits in offspring emotion regulation skills, including both internalizing and externalizing behavior in children (Repetti et al., 2002) . A risky family environment has been related to more negative emotions (Repetti et al., 2002) ; to poor health behavior (Kertesz et al., 2007) ; to preclinical risk factors for illness, including elevated autonomic and cortisol responses to stress (Luecken, Rodriguez, & Appelhans, 2005; Taylor, Lerner, Sage, Lehman, & Seeman, 2004) ; to major physical health disorders (Felitti et al., 1998) ; and indirectly to compromised metabolic functioning (Lehman, Taylor, Kiefe, & Seeman, 2005) and elevated C-reactive protein (Taylor, Lehman, Kiefe, & Seeman, 2006) .
With respect to negative emotionality, the next step in the model, indicators of chronic negative emotions such as depression, anxiety, and hostility, have been tied to increased body mass index (Pine, Goldstein, Wolk, & Weissman, 2001) , to poor health behavior, (Caspi et al., 1997) , and to hypertension (Davidson et al., 2000; Yan et al., 2003) . Empirical and conceptual reviews have suggested that negative emotions are linked to cardiovascular risk and that examining negative emotionality as a construct, as opposed to merely one or more of its components, is appropriate, at least in prospective studies (Suls & Bunde, 2005) . The fact that the behavioral and emotional consequences of growing up in a low-SES environment or in a harsh family environment are seen early in life, coupled with the relation of these variables to risks for health disorders later in life, makes them potentially useful in understanding the links between CSES, family environment, and blood pressure. Likewise, physical inactivity, risky health behaviors, and high body mass index predict elevated blood pressure (Whelton, Chin, Xin, & He, 2002) and risk for mortality (Willcox et al., 2006) . Because it is possible that health behaviors further contribute to the relation of CSES and family environment to elevated blood pressure, they were assessed in the model.
We tested whether the proposed model (see Figure 1 ) would be substantiated in its entirety and hypothesized support for each of the proposed pathways by which emotional and behavioral risk factors may influence blood pressure. In addition, because CARDIA is a large sample, relatively evenly balanced between African Americans and Whites and between men and women, the research afforded an opportunity to examine whether the model would be supported in each of the four race-sex subgroups and whether the rate of longitudinal change in blood pressure was consistent across groups.
Method

Participants
The research made use of the CARDIA dataset, which tracks predictors of coronary artery disease as young people transition to adulthood. CARDIA is an ongoing epidemiologic study, in which African American and White participants completed six assessments over 15 years, starting in 1985. We used four assessments-1990, 1992, 1995, and 2000 -of blood pressure for this study. The 1990 assessment was selected as the baseline because that assessment included more indicators of negative emotions than in previous years. To be enrolled, participants had to have self-identified as Black or White, had a permanent address in one of four urban areas (Birmingham, AL; Chicago; Minneapolis, MN; or Oakland, CA), or been without symptoms of long-term disease or disability, and they could not have been Table A1 of the online appendix.
Procedure and Measures
For all CARDIA assessments, participants were asked not to exercise on the day of the exam, to fast for 12 hr, and to refrain from smoking for 0.5 hr before the exam. The exams took approximately 3 hr, during which time participants completed informed consent and provided blood samples, blood pressure measurements, and anthropomorphic measurements. They also completed interviews and self-administered questionnaires.
Early family environment. Using a questionnaire adapted from Felitti et al. (1998) , respondents rated aspects of their family environment on 4-point scales ranging from 1 (rarely or none of the time) to 4 (most or all of the time). Items addressed whether the individual felt loved and cared for, was shown physical affection, was verbally abused, was physically abused, lived with a substance abuser, and lived in a well-organized, well-managed household and whether family members knew what the child was up to. Because individual items differed in their variability, each item was transformed into a z score before a composite measure was formed. Cronbach's alpha was .77, with higher values representing a riskier family environment. The family environment assessment was included in 2000 through a special arrangement with the CARDIA coordinating center; no such measure was available for previous years.
Negative emotionality. A composite measure of negative emotionality was formed using measures of depression, anxiety, anger expression (reverse coded), and hostility that were collected in 1990. A principal-components analysis of these measures indicated that the four scales formed a single factor that explained 54.47% of the interitem variability and that each of the measures contributed meaningfully to that factor. The negative emotionality variable was formed by computing standardized z scores for each of the four summary measures described below and computing their mean (␣ ϭ .70). For ease of interpretation, the negative emotionality scores were then transformed to T scores (observed M ϭ 50, SD ϭ 7.26). Depression was assessed using the 20-item Center for Epidemiologic Studies Depression Scale (Radloff, 1977) . Cronbach's alpha was .88. Anxiety was measured by means of the 20-item Spielberger State-Trait Anxiety Inventory (Spielberger, Gorsuch, & Lushene, 1970 ); Cronbach's alpha was .90. Anger expression was assessed through the Anger-In subscale of Spielberger et al.'s (1985) measure of anger expression, with a Cronbach's alpha for this three-item measure of .59. Hostility was measured using the 50-item Cook-Medley (1954) scale from the Minnesota Multiphasic Personality Inventory (␣ ϭ .86).
CSES. CSES was assessed at the baseline 1985 CARDIA. Participants indicated the highest level of education obtained by the participant's parents or primary caregivers. The mean of standardized z scores of the primary male and female caregivers' levels of education (r ϭ .56, p Ͻ .001) was used as a measure of CSES.
Health behavior index. To parsimoniously include available health behavior indicators that have been previously associated with cardiovascular health in CARDIA and elsewhere, we combined indicators of heavy alcohol consumption (Dyer et al., 1990) , smoking, low physical activity (Jacobs, Hahn, Haskell, Pirie, & Sidney, 1989) , and high body mass index into an index. As described below, participants could have between zero and four risk factors (M ϭ 0.67, SD ϭ 0.74). Alcohol use was included as part of CARDIA's dietary survey. Consistent with Dyer et al. (1990) , alcohol consumption for participants reporting alcohol use in the past year was converted to milliliters (M ϭ 10.23, SD ϭ 19.88), and one risk point was assigned to each participant whose self-reported typical daily alcohol consumption was 30 ml (approximately three drinks) or more. Next, those who reported smoking at least five cigarettes per week most weeks for the past 3 months were identified as current cigarette smokers and were assigned a point. Following Jacobs et al. (1989) , total physical activity was assessed through "exercise units" that equate the frequency and physical intensity of different types of physical activities; those in the lowest quartile (those with values less than 165) were given 1 point. Finally, obese participants (those with body mass index higher than 30) were assigned one risk factor.
Blood pressure. For each of the four CARDIA assessments, certified technicians who were unaware of the actual readings took three blood pressure measurements of systolic blood pressure (SBP) and fifth-phase diastolic blood pressure (DBP) using a random zero sphygmomanometer. These measurements were taken after 5 min of rest at the start of the laboratory session. All readings were taken from the right arm, with a minimum of 30 s between each reading. The mean of the second and third readings was used. In 1990, blood pressure ranged from 75 to 178 SBP and from 11 to 107 DBP, and 184 of the participants with complete data for these analyses (6.8%) reported a diagnosis of hypertension. Although our sample excluded individuals taking hypertensive medications in 1990, 170 individuals (6%) who began using medications between 1990 and 2000 were included in the analysis. Table 1 presents the correlation matrix for the model variables.
Results
Statistical Analyses
Most of our analyses were conducted through a series of structural equation models tested using EQS 6.0. SBP and DBP were modeled separately for all analyses. Data were not normally distributed, so robust standard errors were used for indices of model fit. Models were considered to be a good fit with the data if they had standardized discrepancies close to 0, a root-mean-square error of approximation (RMSEA) of .05 or less, and normed fit index (NFI) and confirmatory fit index (CFI) estimates greater than .90. The Satorra-Bentler scaled chi-square is also reported, although nonsignificance of the value was not used as a criterion of model fit because of the large sample size.
The following steps were used to determine whether the model shown in Figure 1 explained initial variability and blood pressure (BP) change over time. First, we used a series of latent growth models to capture change in BP between 1990 and 2000. These models drew on the four BP measures, with a goal of modeling individual differences in 1990 (baseline, for the purposes of this study) and differences in the rate of BP change over time. Second, we incorporated change processes into tests of the whole model (shown in Figure 1 ) and used them to examine initial differences in BP, as well as BP change between 1990 and 2000. The importance of individual model pathways was probed by testing a series of models excluding hypothesized pathways and including in the final model those that were both theoretically and empirically supported. Third, we compared this model with an alternative model that gave negative emotionality priority. This model helps to guard against the possibility that negative emotionality affects retrospective reporting of childhood family environment and thus accounts for the downstream adverse effects on BP. Fourth, we used group comparison analyses to test the model in the four race-sex subgroups in the CARDIA sample.
Longitudinal Change in SBP and DBP
A series of models tested change in SBP and DBP. Models were initially fitted using a latent variable with loadings for each year fixed to 1 (to capture between-person differences in 1990) and with a second latent variable included to capture linear change in BP (with weights of 0 in 1990, 2 in 1992, 5 in 1995, and 10 in 2000) . Next, alternative models tested for autocorrelation among consecutive BP measures, for correlations between initial BP and the rate of linear change, for quadratic trends in the data, and for nonlinear patterns of change. Consistent with the recommendations of Duncan, Duncan, and Stoolmiller (1994) , we tested nonlinear trends by allowing for the free estimation of two of the four BP readings onto the latent factor representing longitudinal change. To aid in estimation, and in recognition of the limited change between 1990 and 1992 measures (see Figure 2 ), we assigned a fixed value of 0 to the 1990 measure, estimated the 1992 weight, assigned a value of 5 to the 1995 readings, and estimated the 2000 reading. See Table A2 of the online appendix for a summary of the growth models tested.
The initial model of linear change in SBP fit the data, 2 (6, N ϭ 2,739) ϭ 13.91, p ϭ .031, NFI ϭ .997, CFI ϭ .998, RMSEA ϭ .022. The estimated mean SBP in 1990 (after removing measurement error) was 106.91, and the average increase in SBP in 1 year was .53. Model fit was significantly improved when links reflecting autocorrelation among consecutive SBP measures (i.e., covariances between the error terms of consecutive years) were included, adjusted ⌬ 2 (3, N ϭ 2,739) ϭ 9.85, p ϭ .02. A third model suggested that individual differences in SBP in 1990 did not predict the rate of linear change (i.e., the disturbance terms between the two latent factors did not covary significantly), and a model testing for a quadratic trend did not fit the data. Finally, a model allowing for nonlinear change was a good fit with the data, 2 (4, N ϭ 2,739) ϭ 9.18, p ϭ .057, NFI ϭ .997, CFI ϭ .998, RMSEA ϭ .022. Although the nonlinear change model was not a significant improvement over the linear model, ⌬ 2 (2, N ϭ 2,739) ϭ 3.07, p ϭ .22, it was used to test the full risky families model. This choice was made for consistency of analytic approaches for SBP and DBP and because predictions of nonlinear change are theoretically warranted.
The same set of growth models was used to estimate longitudinal change in DBP. The model of linear change, 2 (6, N ϭ 2,739) ϭ 106.82, p Ͻ .001, NFI ϭ .99, CFI ϭ .99, RMSEA ϭ .08, was a moderately acceptable fit with the data. The linear model allowing for autocorrelation, the model using baseline to predict rate of change, and the quadratic growth models were all poor fits with the data. The nonlinear growth model was more consistent with the DBP data, 2 (4, N ϭ 2,739) ϭ 10.16, p ϭ .037, NFI ϭ .99, CFI ϭ .99, RMSEA ϭ .024, and was a significant improvement over the linear model, ⌬ 2 (2, N ϭ 2,739) ϭ 112.16, p Ͻ .01. Using this model of longitudinal change in DBP, mean DBP in 1990 was estimated at 68.75, and the average increase in DBP in 1 year was .65. The nonlinear growth models were incorporated into tests of the entire risky families model.
Tests of the Model
The model shown in Figure 1 was used to predict initial (1990) BP and change in BP. To probe the precise mechanisms by which the variables in our model were linked with blood pressure, we first conducted analyses without any direct links to or from childhood family environment to other model variables or between CSES and BP. Hypothesized pathways linking family environment with other components of the model were then added; those with the largest standardized residuals were entered first. Tests of chi-square change were used to compare each subsequent model. If the addition of a pathway was not statistically significant or did not produce a significant change in chi-square or in model fit, the simpler model was retained. Finally, the links between CSES and BP were added as a separate step; the data were expected to fit the model both with and without that pathway.
A series of six models were fitted for SBP and for DBP. Using the criteria outlined above, a model (Model C in Table 2 ) in which lower CSES predicted a harsher family environment, which in turn predicted negative emotions and BP, proved to be the best model to capture the variance in these data. This model, shown in Figure 1 , was a good fit with the data for SBP, 2 (17, N ϭ 2,739) ϭ 68.17, p Ͻ .001, NFI ϭ .99, CFI ϭ .99, RMSEA ϭ .03, and DBP, 2 (17, N ϭ 2,739) ϭ 51.21, p Ͻ .001, NFI ϭ .99, CFI ϭ .99, RMSEA ϭ .03. CSES predicted negative emotionality and health behavior, which in turn predicted initial BP and change in SBP. Note that the links between family environment and health behavior and between family environment and the latent BP measures are not included in this model. As shown in Table 2 , these pathways were tested, but were not significant and did not contribute to model fit.
The next step tested the direct relationship between CSES and BP. Standardized path coefficients for the SBP models both with and without direct links with CSES are shown in Figure 1 , and standardized coefficients for the DBP models are shown in Figure 3 . Unstandardized coefficients and robust standard errors for models with and without direct CSES links are summarized in Table 3 . The addition of the theoretically warranted direct links between CSES and the latent SBP variables resulted in a statistically significant improvement in model fit, ⌬ 2 (2, N ϭ 2,739) ϭ 23.77, p Ͻ .001, and a model that better fit the data, 2 (15, N ϭ 2,739) ϭ Note. NFI ϭ normed fit index; CFI ϭ comparative fit index; RMSEA ϭ root-mean-square error of approximation; SBP ϭ systolic blood pressure; NE ϭ negative emotionality; BP ϭ blood pressure; DBP ϭ diastolic blood pressure. ‫ء‬ Model C was used as the reference model for all subsequent tests of adjusted chi-square change. Change statistics for models B and C were calculated from models A and B, respectively.
35.02, p Ͻ .001, NFI ϭ .99, CFI ϭ .996, RMSEA ϭ .03. Lower CSES predicted higher initial SBP and greater nonlinear change in SBP. When this link was included for the model of SBP change, most theoretically relevant pathways remained similar in magnitude, although the link between negative emotionality and change in SBP fell below statistical significance. For the DBP model that assumed full mediation of CSES by the variables in the model, all included pathways were statistically significant, with the exception of those used to test for change in DBP. Although neither health behavior nor negative emotionality predicted change in DBP, the negative emotions measure approached significance ( p ϭ .07). The model including direct links between CSES and DBP predicted initial DBP, but not DBP change. This model, 001. An alternative model tested whether negative emotionality predicted the retrospective reports of family environment, which could then have downstream consequences for BP. To do this, we repeated the growth model, but used negative emotions to predict family environment. These analyses indicated that for both SBP, ⌬ 2 (1, N ϭ 2,739) ϭ 46.22, p Ͻ .001, and DBP, ⌬ 2 (1, N ϭ 2,739) ϭ 43.16, p Ͻ .001, the alternate model was a poorer fit with the data than the hypothesized model.
Tests of the Model in the Race-Sex Subgroups
We used two complementary approaches to test race and sex differences in the model. First, we used a set of multiple group analyses to test the equality of the hypothesized covariance structure among the four Race ϫ Sex subgroups. This approach allowed us to examine the strength of the associations in the model, but did not test mean differences. Second, dummy-coded variables indicating race, sex, and a Race ϫ Sex interaction term were used to test differences in latent initial BP and BP change. This approach tested the mean differences between men and women and between African American and White participants, as well as whether sex differences varied by race.
The initial multigroup test of covariance structure indicated that for both SBP, 2 (60, N ϭ 2,739) ϭ 112.28, p Ͻ .001, NFI ϭ .98, CFI ϭ .99, RMSEA ϭ .02, and DBP, 2 (60, N ϭ 2,739) ϭ 76.77, p ϭ .071, NFI ϭ .98, CFI ϭ .99, RMSEA ϭ .01, the model fit the data after the race-sex groups were identified. Next, in separate tests for SBP and DBP, loadings on the growth term were constrained to be equal across groups. These pathways did not differ among the race-sex subgroups. Finally, an additional model constrained all pathways to be equal across the subgroups. The constrained model for both SBP, 2 (99, N ϭ 2,739) ϭ 172.90, p Ͻ .001, NFI ϭ .96, CFI ϭ .98, RMSEA ϭ .02, and DBP, 2 (99, N ϭ 2,739) ϭ 134.90, p ϭ .01, NFI ϭ .97, CFI ϭ .99, RMSEA ϭ .01, fit the data, and most of the theoretically relevant pathways (e.g., those from CSES and from negative emotionality to initial BP and BP change) did not differ significantly among the groups. However, the link from negative emotions to health behavior was not significant for women, but for both African American and White men, more negative emotions predicted riskier health behavior. In addition, the path from CSES to health behavior was not statistically significant for White men, but for all other groups, higher CSES predicted less risky health behavior.
Next, consistent with the patterns observable in Figure 2 , differences in the SBP latent growth model suggested that race and sex were both significant predictors of initial SBP and of nonlinear SBP change. The direction of these differences indicated that both initial SBP and change in SBP were greater for men and for African Americans. Furthermore, for nonlinear change only, this result was qualified by a Race ϫ Sex interaction, suggesting that the sex difference in the rate of change was smaller for African American participants than for White participants. This interaction is likely capturing the especially steep increase in SBP for African American women between 1995 and 2000. A SBP model including main effects of both the sex and race predictors, and the Sex ϫ Race interaction term for the nonlinear change variable, was an acceptable fit with the data, 2 (13, N ϭ 2,739) ϭ 124.64, p Ͻ .001, NFI ϭ .97, CFI ϭ .98, RMSEA ϭ .06. For DBP, results indicated that race was a significant predictor of both initial DBP and change in DBP; African Americans had higher initial DBP and also showed steeper increases over time. Although no other group differences were found in rates of change, baseline DBP was higher for men, and an interaction suggested that the sex differences in baseline DBP were greater for Whites than for African Americans. The model that used race, sex, and their interaction to predict initial DBP, and race to predict change in DBP, was an acceptable fit with the data, 2 (15, N ϭ 2,739) ϭ 146. Figure 3 . Whole-sample standardized path coefficients for the model of nonlinear change in diastolic blood pressure (DBP). Solid lines indicate the pathways included in the initial test of the model. The dotted lines and the values in the dotted boxes indicate estimates when child socioeconomic status (SES) was linked directly with blood pressure. Bold coefficients were identical for both models.
‫ء‬ p Ͻ .05.
Discussion
We examined whether the model shown in Figure 1 explains change in SBP and DBP over a 10-year period in CARDIA, a large longitudinal investigation of risk factors for coronary artery disease in African American and White men and women. Latent growth models of nonlinear change indicated that both SBP and DBP increased as participants aged to between 33 and 45 years old. Our conceptual model fit the data for both SBP and DBP. Consistent with previous research, low CSES (as operationalized through parent educational attainment) was associated with a harsh family environment, higher levels of negative emotionality (greater depression, anxiety, and hostility and less adaptive expression of anger), and poor health behavior. A harsh family environment was linked with elevated negative emotions. Participants with problematic emotional functioning and those who engaged in riskier health behavior demonstrated greater increases in SBP over time. However, the associations with negative emotionality dropped below statistical significance when the role of CSES was considered. In addition, those from less educated families had higher baseline SBP and DBP and showed greater change in SBP over time. Although none of the variables in the model were linked with change in DBP, those with more negative emotionality and with riskier health behavior did have higher baseline DBP.
As noted earlier, a propensity for high BP has been documented among children who face adversity in early life. As an attempt to understand the mechanisms contributing to this relationship, this study examined the role of low CSES and a harsh family environment in predicting poor health behavior and elevated levels of negative emotionality. Low CSES contributes to an increased likelihood of a harsh family environment marked by conflictual, cold, or neglectful family relationships and may aggravate autonomic responses by raising background stress (e.g., Matthews et al., 1997) . In turn, both low CSES and harsh family environment predict the likelihood of high levels of depressive symptomatology, hostility, anxiety, and anger internalization. Although this research did not find a direct association between family environment and elevated BP, the other relations outlined above are consistent with the model developed by Repetti et al. (2002) , which argues that a harsh family environment exerts effects on adult health outcomes, in part by compromising emotional and social functioning across the life span.
A previous study from our laboratory documented the applicability of the model to signs of hypothalamic-pituitary-adrenal axis dysregulation, specifically, an elevated flat cortisol trajectory across laboratory stress tasks, and to heightened heart rate and BP in a laboratory stress task (in men only; Taylor et al., 2004) . Results of our studies are consistent with Seeman, Singer, Rowe, Horwitz, and McEwen's (1997) allostatic load model of stress. The allostatic load model maintains that chronic or recurrent stress interacts with genetic or acquired risks, leading to cascading, potentially irreversible interactions between those predispositions and environmental factors; over time, these interactions and their accumulating effects can lead to large individual differences in susceptibility to stress, in biological markers of the cumulative effects of stress, and in stress-related physical and mental health disorders. Consistent with this model, using the CARDIA sample, Matthews et al. (2004) reported that BP reactivity to psychological stressors predicted the development of hypertension. Although the present study does not directly test the allostatic load model, the evidence suggests that a chronically stressful early environment, particularly a low SES environment, can influence the development of elevated BP and suggests that negative emotions and risky health behaviors may contribute to the accumulation of allostatic load as well. It is noteworthy that CSES predicted not only resting BP in young adulthood, but also longitudinal change in SBP over 10 years-above and beyond the baseline association. Such effects, some of which occur through negative emotions and health behavior, suggest that processes set in motion at a very early age may take a cumulative negative toll on body functions. Significant differences in mean BP emerged by race and sex, with African Americans and men having higher BP than the other groups, differences that were qualified by the greater similarity in the rate of change for African American women and men than for White women and men; the change in SBP was especially steep for African American women, a pattern that has previously been documented in the CARDIA sample (Liu et al., 1996) . In spite of these group differences, increases in BP were evident in all groups, and the pattern of associations among variables in the model was consistent across the four groups. For example, although the rate of change in SBP was especially steep for African American women and was more gradual for White men, we found no evidence that the variables in the model were differentially related to rates of change in these groups. This suggests that for BP, at least, the model may be applicable across levels of health risk.
Limitations
There are several additional limitations to the present findings. The model proposed in Figure 1 and tested here does not include factors such as variability in BP because of genetic factors or communitylevel influences on developmental or health outcomes. It is possible, for example, that genetic factors contribute both to negative emotions and to risks for elevated BP. It is also possible that neighborhood factors correlated with parental education contribute to the association between CSES and BP. In spite of the exclusion of these factors, the data indicate that early environment, negative emotions, and health behaviors, in conjunction, contribute to elevations in SBP over time. This result is especially noteworthy because the sample is still relatively young. The long-term significance of these associations for health may become increasingly clear as the CARDIA sample ages.
The variables in the model were somewhat more effective in predicting SBP than DBP; reasons for this difference are not immediately apparent. However, it has been noted that SBP is more significant for diagnosing hypertension than DBP (American Heart Association, 2003). The problem may have been statistical, as the models of DBP change did not capture the patterns as well as those for SBP. The trajectory for DBP should become more clear as the CARDIA sample ages. It should also be noted that despite overall support for the model, some of the path coefficients are small. Because the sample is still relatively young, the majority of participants in this sample had BP within normal limits at the end of our study, and so there was relatively little change to be predicted by the variables in the model. Nonetheless, the results add fuel to concerns that developmental trajectories marked by negative emotions and/or poor health behaviors contribute to accumulating health risks across the life span. As such, even relatively youthful samples may benefit from early interventions aimed at modifying these pathways.
A third limitation is that people who began taking hypertensive medication between 1990 and 2000 were kept in the sample; however, this limitation would probably work against support for the model rather than in its favor. A fourth limitation stems from our use of a short form of the family environment measure. This measure did not allow for the examination of specific types of family environments that may have the greatest effects on psychological and physical development. Fifth, negative emotionality was included as a composite variable in this study, and some specificity was lost through this approach. Indeed, the pattern of bivariate correlations in Table 2 indicates that in comparison to depression and anxiety, anger expression and hostility were more closely linked with BP, a result consistent with Yan et al.'s (2003) examination of the development of hypertension in the CARDIA sample.
Sixth, our study was limited by the unavailability of some relevant measures at the best time of measurement. For example, because an expanded set of psychological measures was available in 1990 we chose that year as our baseline, thereby eliminating the 1985 and 1987 assessments from our analyses. Similarly, our measure of early family environment was collected in 2000. Reconstructions of family environments may include an emotional overlay, contributing to response bias that may influence relations among model variables. To assess this possibility, we evaluated the fit of an alternative model that gave negative emotions priority to see whether it explained the reconstruction of childhood events. This model was an inferior fit to the data, as has been true of other empirical tests of this alternative model (Lehman et al., 2005; Taylor et al., 2006) . Moreover, the instrument on which our assessment of family environment is based (Felitti et al., 1998) has demonstrated a dose-response relationship to a broad array of diagnosed health outcomes (e.g., cancer and coronary heart disease), and a response bias alone is highly unlikely to yield such effects.
Conclusions
This research relates low CSES to elevated BP over time directly and via pathways implicating indirect associations through childhood family environment, negative emotionality, and health behaviors. Although the effects are modest, the model explained initial levels of both SBP and DBP and change in SBP. The results underscore the importance of early experience in predicting morbidity in adulthood and extend these findings to include risks for hypertension. The results also point to psychosocial and biological mechanisms that may underlie the relation of SES to hypertension and thus may help to explain SES-related health disparities in hypertension and coronary artery disease. Finally, the results suggest the potential importance of intervening with those from low-SES environments to help improve health behavior and promote healthy family environments, thereby potentially deterring the development of chronic negative emotional states that may have implications for long-term health.
